Abstract. We calculate the effective potential for the WLPNGB in a world with a circular latticized extra dimension. The mass of the Wilson line pseudo-Nambu-Goldstone boson (WLPNGB) is calculated from the one-loop quantum effect of scalar fields at zero and finite temperature. We show that a series expansion by the modified Bessel functions is useful to calculate the one-loop effective potentials.
Introduction
It seems obvious that we live in a four-dimensional world. Nevertheless, many theories for unification of forces and/or matter in more dimensions than four have been studied [1] . A simple possibility is that there is a fifth dimension of very tiny size attached to every point of our four-dimensional world. Such an extra dimension can hardly be seen by virtue of its extraordinary smallness.
Last year, there appeared a novel scheme to describe higher-dimensional gauge theories, called "deconstruction" [2, 3] . A number of copies of a four-dimensional theory linked by new fields can be viewed as a single gauge theory. The resulting whole theory may be almost equivalent to a higher-dimensional theory with discretized extra dimensions.
Recently, Hill and Leibovich pointed out that the Wilson line pseudo-Nambu-Goldstone boson (WLPNGB) with low mass can be naturally obtained by deconstructing five-dimensional QED [4, 5] . This WLPNGB may be an important candidate for cosmological quintessence.
For a cosmological application, we should take the finite-temperature effect into account. The behavior of the WLPNGB field may vary along with the cosmological evolution.
In this paper, we examine the U (1) gauge theory with a discretized circle. We analytically obtain the effective potential for the WLPNGB at zero and finite temperature. In this paper, we consider the one-loop effect of charged scalar bosons. Although this model appears unnatural in contrast to the model with fermions [4, 5] , a similar technique is valid for the other models and the application to various models will be studied elsewhere. a e-mail: b1834@sty.cc.yamaguchi-u.ac.jp b e-mail: b1795@sty.cc.yamaguchi-u.ac.jp c e-mail: shiraish@po.cc.yamaguchi-u.ac.jp
In Sect. 2, our model is explained and the mass spectra of the component fields are shown. In Sect. 3, the oneloop quantum effect of scalar fields is calculated at zero temperature. In Sect. 4, the one-loop quantum effect of scalar fields is calculated at finite temperature. The final section, Sect. 5, is devoted to our conclusions.
Model
We begin with the lagrangian for deconstructing (d+1+1)-D scalar QED:
where
and
The labels of the fields are considered as periodic modulo N , e.g., φ N +1 ≡ φ 1 , φ 0 ≡ φ N , and so on. N is assumed to be larger than (d + 1)/2. Usually, the dimension of the space is taken as three. We leave the dimensions unfixed because of the possibility of some combination of compactification schemes in the very early universe. We assume that all U k have a common absolute value
Hence we can write
It is convenient to use the "Fourier transformed" modes for the fields:
The fields A µ p (p = 0) acquire masses by "absorbing" the χ p (p = 0); the mass spectrum is given by
For small p, this mass spectrum is approximately given by
which is the Kaluza-Klein spectrum in the continuum theory with the circle of the circumference L = N/f . The masses of charged bosons are
whereχ ≡ χ 0 / √ N is a (classically) zero-mode scalar field.
3 The effective potential at zero temperature
The one-loop effective potential
In this section, we compute the quantum effect of the scalar fields at zero temperature. The one-loop effective potential forχ is obtained by
after an appropriate regularization. Using the formula
where I ν (x) is the modified Bessel function, we can write the effective potential as
Here the term which is independent ofχ is discarded. Carrying out the summation over p first, we find that only the term of p = qN (q is an integer) is left. Then we find
m = 0
First, we examine the case of m = 0 in detail. One can find [6]
Therefore the effective potential for the WLPNGB is written as
In particular, when d = 3, we obtain
cos(qNχ/f ) q(q 2 N 2 − 1)(q 2 N 2 − 4) .
Turning back to the case with general d, we find that the effective potential for a large N can be expressed as
where L ≡ N/f . The mass of the χ 0 field is derived from the effective potential and turns out to be
with
